LEVEN soil profiles represent the different geomorphic units in …….west Delta were chosen to study the relation between the soil taxonomic units developed on the geomorphic units and soil fertility status. The obtained results indicated that the taxonomic units are: 1) Typic Haplocalcids , Typic Calcigypsids developed on old Alluvial soils 2) Typic Torripsamment developed on windblown sand 3) Aquic Haplocalcids developed on Fluvio-Lacustrine soils . 4) Typic Torrifluvents and Typic Haplotorrerts developed on recent Nile Alluvial soils. 5) Halic Endoaquerts and Aridic Endoaquerts developed on Fluvio-marine soils and 6) Oxyaquic Torripsamments developed on coastal plain soils . The organic matter contents were relatively low ranged from 0.15 to 2.35 %. The cation exchange capacity ranged from 2.3 to 38.3 meq/100g , the lowest values were found in the windblown sand , whereas, the highest were in the clayey soils of Fluvio-marine.
Fluvio lacustrine and fluvio marine contain two different geologic materials affected by the sea deposits in sub soil and the Nile deposits in surface mixed together forming lithological discontinuity in theses soils (El-Demerdashe, 1970 ).
The coastal plain was formed by the marine deposits on the Pliocene age.
The old alluvial soil in this study is considered the oldest terrace in Egypt deposits on the Pliocene age and covered by gravel pavement (Sandford and Arkell, 1939) in some places , the windblown sand covers this old alluvial.
Materials and Methods
Eleven soil profiles were chosen to represent the different geomorphic units in the studied area : The old alluvial soil (profile No. 1&2), the windblown sand (profile No. 3), the fluvio lacustrine (profile No 4 & 5) , the flood plain (profile No. 6 & 7) , the levee (profile No. 8), and the coastal plain (profile No. 11). These profiles were dug to 150 cm from soil surface, described in the field according to FAO (2010) , the soil color was performed using Munsell chart (1975) . Particle size distribution was determined according to Page et al. (1982) . The texture classification was performed using the American triangle chart. Soil pH was determined in soil paste, soluble ions, electrical conductivity (ECe) of soil paste extract calcium carbonate and gypsum contents were determined according to Page et al. (1982) . Soil taxonomy was performed according to Soil Survey Staff (2010) .
Available trace elements were extracted by the DTPA (diethylene triamine penta acetic acid) according to the method of Lindsay and Norvell (1978) .
Aliquots of 0.5 to 2.0 g of dried soil samples were digested in 100 ml micro kjeldahl flasks containing 20 ml of a mixture of concentrated HNO 3 , HClO 4 (3: 1: 1) according to Grosuch (1959) . The digestate was cooled and diluted to 100ml with deionized water.
The trace elements of Fe, Mn, Zn and Cu were determined using a Pye Unicum sp 1900 atomic adsorption spectrophotometer.
Results and Discussion

Organic matter content
The contents of organic matter in the studied area ranged from 0.15 to 2.35 % as shown in Table 1 . The highest values were found in the surface horizon (Ap) of the soils developed on Fluvio-Lacustrine, Recent alluvial and Fluvio-marine and ranged from 1.67 to 2.35 % related to the added organic fertilizer. Also, these contents of organic matter decreased with soil depth except in studied profile No. 1 of the old alluvial soil due to the occurrence of the lithological discontinuity between its horizons caused by the different depositional environmental. The lowest contents were not more than 0.17% in the soils developed on windblown sand soils No. 3 due to their sandy nature.
Cation exchange capacity and exchangeable cations
Cation exchange capacity of the studied soils ranged from 2.30 to 38.3 meq/100 g. The lowest values were 2.3 and 5.4 meq/100 g, respectively in the windblown sandy soils, and coastal plain whereas the highest values were 38.3 meq/100 g as shown in the Fluvio-marine soils (Table 1) .
Both the studied soils of windblown sand and coastal plain (soil profile No's 3 & 11) had the lowest values of CEC lower than 5.4 meq/100 g. This is related to their nature sandy deposits reached to more than 95.0 % sand and also to their low contents of organic matter, lower than 0.5 %. The highest values were in the Fluvio-marine soils (profile No. 9 & 10) reached to 38.3 meq/100g and flood plain reached to 38.0 meq/100g due to their clayey texture whereas clay contents reached to 60.0 % and relatively high contents of organic matter in the surface horizons. These soils followed by the studied soils of both Fluvio-lacustrine and Levee (soil profile No. 4, 5 and 8) which had moderate values of CEC ranged from 14.3 to 28.8 meq/100 g due to their medium texture; i.e. clay loam to sandy loam and their low contents of organic matter. On the other hand, the old alluvial soil (profile No. 1 & 2) ranged from 8.8 to 16.1 meq/100 g attributed to their relatively light to medium texture, i.e. loamy sand to sandy loam and very low contents of organic matter. 
CEC/ clay
The ratio of CEC/clay of the studied soils ranged from 0.53 to 1.1 (Table 2 ). The highest ratios were in the old alluvial soils (soil profile No. 2) whereas the lowest were in the windblown soils (profile No. 3). All the studied soils had ratio more than 0.53 indicating the occurrence of the smectitic minerals in the clay particles. The abnormal high ratio in the soil profile No. 2 of the old alluvial reached to 1.1 which may be due to the presence of zeolite minerals which have values of CEC more than 300 meq/100 g (Al-Sharif, 1994). 
Soil taxonomy of the studied soils The old alluvial soils
The field description (Table 2 ) and particle size distribution (Table 3) showed that these soils have sandy loam texture in the soil profile No. 1 in the control section (depth of 20-100 cm), whereas, the clay contents ranged from 18.17 to 20.53%. Also, the soil profile No.2 has loamy sand texture, whereas clay contents ranged from 8.86 to 10.66 % and silt contents reached to 15.43% both of them has many hard & soft lime in the Ck horizon, whereas the content of calcium carbonate reached 16.3 %, (Table 3 ) which qualified as calcic horizon (Keys to Soil Taxonomy, 2010). Therefore, it is classified as fine loamy, mixed, thermic, Typic Haplocalcids. In addition, the soil profile No. 2 has many gypsum crystal, whereas the gypsum contents reached 15.8 % (Table 4) which is qualified as gypsic horizon in the Cy & Cyz horizon and classified as sandy , mixed, thermic, Typic Calcigypsids (Table 5) , and (Map 2). This is in agreement with Al-Sharif et al. (2013) . 
Windblown sand soils
The studied windblown soil (profile No.3) has sandy texture whereas the sand contents reached 91.0 and no any pedogenic features of carbonates, gypsum or salic, so this soil is classified as siliceous, thermic, Typic Torripasmments. 
Fluvio-lacustrine
Flood plain of recent Nile alluvial soils
Soil profiles No. 6 &7 had cracks more than 5 cm width and more than 50 cm in depth , clay contents ranged from 43.6 to 60.0 % and slickensides in Css and Css2 horizon qualified as fine, smectitic, thermic , Typic Haplotorrerts.
Levee (recent Nile alluvial soils)
Soil profile No. 8 has sandy loam texture alluvial nature and no any pedogenic feature, therefore it is classified as coarse-loamy, mixed, thermic, Typic Torrifluvents.
Fluvio-marine soils
Profiles No 9 & 10 have clayey texture , whereas, the clay contents ranged from 52.0 to 61.0 slickensides in the 2 Css & 2Css2 horizons, elevations of 0.0 to -2 under sea level. In addition, the soil profile No 9 had ECe of 20.25 in 2Cg horizon qualified as fine, smectitic, thermic, Halic Endaquerts. Whereas, the studied soil profile No. 10 is fine, smectitic, thermic, Aridic Endaquaerts.
Coastal plain
Studied soil profile No. 11 has a sandy texture, the sand contents reached 97.0% and some subsurface horizon are saturated with water, therefore it is classified as sandy, siliceous, thermic, Oxyaquic Torripsamments.
Trace elements contents
The surface and subsurface horizons of the studied profiles in each soil geomorphic unit were examined to study the normal distribution and variability of several trace elements, i.e., Fe, Mn, Zn and Cu within and between profiles ( Table 6 ).
The status of iron (Fe) Total Fe contents:
It ranged from 0.2 % to 1.2%. The lowest content was in C2 horizon of the windblown soil whereas, the highest contents were in the Css horizon of the (recent Nile alluvial soils), flood plain and levee soil profile No. 6 and 8, (Table 6 ). Almost similar iron contents in Egyptian soils were obtained by Hegazy (1980) , El-Sayad (1983) , El-Toukhy (1987) and Badwi (1999) . It is noticeable that the high contents of Fe in the studied soils are related to both high contents of clay and its semectitic clay mineralogy which contain high contents .. This means that 55.6% (R2 = 0.556) of the variations in total Fe content of the soils could be accounted for the clay, silt and CaCO 3 content of the soil (Table 7) . The regression coefficient equation meaned that an increase of one percent of either clay or silt, CaCO 3 will increase total Fe by 54.3, 23.8 ppm and 50.8 ppm, respectively.
Aquic Haplocalcids
Correlation between total Fe and clay or silt or CaCO 3 % contents, showed the equation of partial regression for these soils as:
Total Fe = 3260.0 + 267 (Clay %) -94.65 (silt %) -63.95 (CaCO 3 ) This means that 39.1 % of the variations of total Fe contents could be accounted for clay, silt and CaCO 3 % content of these soils.
Typic Haplotorrerts
Total Fe = 1602.3 + 152.55 (clay %) + 149.5(silt %) + 78.1 (CaCO 3 ) whereas the clay, silt and CaCO 3 % contribute 83.2 of the factors affecting the variation of total Fe.
Typic Torrifluvents
Total Fe = 2178.7 -1566.2 + 1942.2 (silt %) -626.3 (CaCO 3 ). whereas, both clay, silt and CaCO 3 % contribute 89.7 % of the factors affecting the variation of total Fe.
Halic Endoaquerts and Aridic Endoaquerts
Total Fe = -43573.5 + 531.8 (clay %) + 451.4+ 1196.8 (Clay %). The clay, slit and CaCO 3 % contents contribute 28.7% of the factors affecting the variations of total Fe in these studied soils. Oxyaquic Torripsamments Total = 945.7 + 481.9 (clay %) + 226.0 (silt %) + 223.3 (CaCO3). Whereas, both clay, silt and CaCO 3 associated with 83.0 % of the factors affecting the variations of total Fe. Available Fe Contents: It ranged from 2.4 to 57.6 ppm. The highest values were in the Typic Haplotorrerts and Typic Torrifluvents, studied soil profile No. 6, 7 and 8 reached 57.6 ppm in Ap horizon of soil profile No. 7. This high content is related to the nature of these alluvial soils rich in exchangeable iron in the allumoniosilicate of the clay minerals in addition to its high CEC resulted from their heavy Aquic Haplocalcids, Halic Endoaquerts and Aridic Endoaquerts clay texture and addition of organic fertilizers. These soils followed by both then the Oxyaquic Torripsamments soils which had nearly contents of the available Fe ranged from 5.28 in C3 horizon of the studied soil profile No. 11 to 20.6 ppm in Css horizon of the soil profile No. 9. Similar values are reported by El-Sayad and El-Tokhy (1987) in these soils. Finley, both the Typic Haplocalcid and Calcigypsids, studied soil profile No. 1, 2 and Typic Torripsamments, soil profile No.3 had the lowest contents of the available Fe ranged from 2.4 to 2.48, related their sandy texture. The percent of available Fe/total Fe from relatively low ranged from 0.001 to 0.006 %. The high values were in the Typic Haplotorrerts and Endoaquerts.
The status of Manganese (Mn) Total manganese contents: It ranged from 170.0 to 1048.0 ppm. The highest contents were in the subsurface horizon of the Typic Haplotorrerts, Aquic Haplocalcids, Aridic Endoaquerts and Halic Endoaquerts soil profile No. 4, 5,6, 7, 9 and 10 ranged from 508.0 to 1048.0 ppm (Table 6) ; similar contents were reported by Taha (1980) and Badwi (1999) . This is due to annual deposition of the Nile suspended matter which contains 0.23% total Mn expressed manganese dioxide MnO 2 (Ball, 1952) .
The coastal plain studied soil profile No. 11 contained a moderate contents of the total Mn ranged from to 492.0 to 678.0 related to their nature coastal material. On the other hand , both the old alluvial , (soil profile No. 1 & 2) and windblown sand soils, (soil profile No. 3) contained low contents of the total Mn ranged from154.0 to 330.0 ppm . The wide variation of total Mn in the studied soils is due to the variation in their clayey texture as well as entry of Mn into the crystal lattice of the allumonosilicate layers of the clay and the presence of Mn nodules and concretions and the metal organic complexes (El-Demerdashe, 1970 and Taha, 1980) .
The partial; equation of total Mn with the independent factors of both clay, silt and CaCO 3 contents:
Typic Haplocalcid and Calcigypsid Total Mn had a significant correlation with clay % and CaCO 3 in Typic Haplocalcid and Calcigypsid soils, whereas a highly significant correlation with silt. The partial regression equation was:
Total Mn = -14.19 +2.32 (clay %) +12.34 (silt) + 6.51 (CaCO 3 ).
This means that 93.4% of the factors affecting the variation in total Mn in these studied soils, related to both contents of the independent factors of clay, silt and CaCO 3 .
Aquic Haplocalcids
The partial regression equation was: Total Mn = 552.3+37.3 (clay%)-27.3 (silt%)-15.8 CaCO 3 . The clay, silt and CaCO 3 % contents of the soils were responsible for 22.7 % of the factors affecting the variations of total Mn .
Typic Haplotorrerts
Total Mn = 2784.9-14.9 (clay %) -28.7 (silt)-50.7 (CaCO 3 %). Whereas, the independent factors of clay, silt CaCo3 contribute the 45.8% of the factors affecting the variations of total Mn.
Typic Torrifluvents
The partial regression was: Total Mn = 1594.0 + 85.4 (clay %) -73.8 (silt)-298.5 (CaCO 3 ). These independent components contributed 57.3 of the factors affecting total Mn in these soils.
Endoaquerts
Total Mn = 782.4-2.62 (clay %)+4.7 (silt) -3.3 (CaCO 3 ). The studied independent factors contribute 28.8% of the factors affecting the variation of total Mn in this studied soils.
Oxyaquic Torripsamments
Total Mn = 249.0+19.5 (clay%)+21.81 (Silt%)+46.9 (CaCO 3 ). About 85.0 were related to the independent factors clay. silt and CaCO 3 associated the variations of total Mn in soils.
Available Mn contents: It ranged from 1.3 to 12.92 ppm. The Typic Haplotorrerts soils studied soils No. 6, 7 had the highest levels reached 12.92, this may be related to their nature alluvial materials. On the other hand studied soils of Aquic Haplocalcids, Halic Endoaquerts, Aridic Endoaquerts and Oxyaquic Torripsamments had nearly levels whereas the studied soils of Typic Haplocalcids and Typic Calcigypsids (soil profiles No. 1, 2) and Typic Torripsamments, (soil profile No. 3) had the lowest levels ranged from 1.3 to 3.26 ppm. The percent of available Mn/total Mn ranged from 0.007 to 0.02 %.
The highest values were in Endoaquerts, due to occurrence of some marine constitutes which contain Mn.
The status of zinc (Zn) Total zinc contents
In the studied area total Zn ranged from 47.4 to 370.0 ppm. These values were closer to that obtained by El-Dermerdashe (1970 ), Abd El-Wahid (1976 and Badwi (1999) .
Aquic Haplocalcids (soil profile No. 9 & 10 ) and Oxyaquic Torripsamments (soil profile No. 11) had the highest contents of total Zn ranged from 305.2 ppm in the soil profile No. 11 to 370.6 ppm in the studied soil profile No. 10 . This is due to their marine nature which contained some constituents rich in Zn, high content of clay and some Feldspar minerals (El-Demerdashe, 1970) Both clay, silt and CaCO3% contents in soils contribute 58.5% of the factors affecting the variation of total Mn .
Aquic Haplocalcids
Total Zn = 360.0-8.7 (clay %) +1.6 (silt %)+2.7 (CaCO 3 ). The studied independent variables contribute 67.0% of the factors affecting the variations of total Zn in these studied soils.
Typic Haplotorrerts
The partial regression was: Total Zn = 1790.4 -17.6 (Clay%)-17.2 (silt%)-10.0(CaCO 3 ). Whereas, 52.4 % of the factors affected the variation of total Zn in this studied soils were related to both clay, silt and CaCO3 % content in soil.
Typic Torrifluvents Total Zn=436.7 +1.6 (clay%)-2.9(silt%)-25.0 (CaCO 3 %). Whereas, these independent factors contributed 88.9 of the factors affected the variation of total Zn in the soils.
Halic Endoaquerts and Aridic Endoaquerts
Total Zn = 2041.9 -20.03 (clay%)-19.77 (silt %)-40.7 (CaCO 3 ). Whereas, the clay , silt and CaCO3 % contents in soils contribute 49.3% of the factors affected the variation of total Zn in the studied soil.
Oxyaquic Torripsamments
Total Zn= 574-36.5 (clay%)-4.0(silt%)-19.2(CaCO 3 %). The studied independent factors contribute 81% or all the factors affected the variations of total Zn in this studied soils.
Available Zn contents:
It ranged from 0.48 to 5.22 ppm in the studied soil profiles. The Endoaquerts soils No. 9, 10 had the higher contents ranged from 1.72 to 5.22 ppm due to their marine nature material contained some of Zn constituents. On the other hand all other studied soils had low levels of the available Zn. The percent of available Zn/total Zn ranged from 0.003 to 0.05 %.
The status of copper Total copper contents: It ranged from 22.0 to 168.0 ppm. Almost similar values were reported in some Egyptian soils by El-Demerdashe (1970) , ElTokhy (1987) and Badwi (1999) . The highest contents were in the Endoaquerts soils No. 9 & 10 and surface soil (Ap) horizon of both Aquic Haplocalcids and Oxyaquic Torripsamments due to their nature marine deposits rich in Cu constituents and additional organic fertilizer. On the other hand, the other studied soils had a moderate content. These values are almost similar to which reported by El-Demerdashe (1970 ), Abd El-Wahid (1976 and El-Toukhy (1987) .
The partial equation of total Cu with the independent factors of clay , silt and CaCO3 contents
Typic Haplocalcids and Calcigypsids Total Cu = 91.7+1.13 (clay%)-3.03(silt%)-1.13 (CaCO 3 %) Therefore, 58.7 of the variations of total Cu in these soils could have accounted by clay , silt and CaCO 3 in the soils.
Aquic Calcigypsids
Total Cu --30.3+5.7 (clay%)-3.3 (silt%)-3.1 (CaCO 3 %) So; 10.9 % of the variation of total Cu in this studied soils was related to clay, silt and CaCO 3 in the soils.
Typic Haplotorrerts
Total Cu = -64.27 + 1.7 (clay %) -0.47 (silt%)-1.7(CaCO 3 %) Whereas, 25.3% of the variations of total Cu in this studied soils were related to clay, silt and CaCO 3 %.
Typic Torrifluvents
Total Cu= 205.3-2.7 (clay %) +2.1(silt %) -25.9 (CaCo 3 %) Whereas, 73.3% of the variations of total Cu were related to clay, silt and CaCO 3 % contents in this studied soils.
Endoaquerts
Total Cu=438.1-4.3(clay%)-3.5(silt %) +18.2(CaCO 3 %) Whereas, 61.8% of the variations of total Cu in this soils were be accounted to clay, silt and CaCO 3 %.
Oxyaquic Torripsamments
Total Cu = 220.9-28.0 (clay %) +4.3 (silt %) -11.0 (CaCO 3 %) Whereas, 90.0 of the variation of total Cu in this studied soils were accounted to clay, silt and CaCO 3 % contents.
Available Cu contents: It ranged from 0.89 to 9.9 ppm. The studied Aridic, Halic Endoaquerts No. 9, 10 contained the highest levels ranged from 6.1 to 9.9 releated to their marine nature which had some constituents rich in Cu. Whereas, the other soils had a moderate levels ranged from 2.78 to 5.74 ppm.
Finally, the Typic Torripsamments soils No. 3 had the lowest levels reached 0.89 to 1.26 ppm releated to their sandy nature.
The obtained data of the total trace elements, for the studied area showed that their vertical distribution does not help in providing specific trends rating to their nature material or geomorphic unit. The differences between the levels of the top and upper subsoil are mostly irregular and thus could be ascribed to any of the local environmental which cause the occurrence of lithological discontinuity between their parent materials which agree with El-Demerdash (1970) .
Soil fertility releated to soil taxonomic units
The above discussion of both total and available trace elements, i.e. Fe, Mn, Zn and Cu revealed that soil Taxonomic Unit of both clayey, smectitic, thermic Typic Haplotorrerts studied soil No 6,7 and the taxonomic unit of clayey, smectitic, thermic. Halic Endaquerts and Aridic Endaquerts, studied soil profile No. 9 m 10 had relatively high contents of these elements. This could be a reflection of their nature of the alluvial and Fluvial-marine material, the heavy texture contained a high clay content rich in smectitic clay mineral which possesses a high cation exchange capacity use of organic manure commercial fertilizers, microbiological enrichment and the moisture regime. Therefore this taxonomic unit is the richest in fertility.
The taxonomic unit of Typic Torrifluvents studied soil No. 8 had contents close to the Typic Haplotorrerts due to the above mentioned reasons.
On the other hand , both Taxonomic units of Fine loamy , mixed thermic Aquic Haplocalcids of the studied soil No. 4 , 5 had moderate contents of the studied trace elements related to their nature Fluvio-lacustrine affected by the calcareous characterization and medium texture lower in CEC than the above soils adsorbed lowers contents of plant nutrient.
The studied soil Oxyaquic Torripsaments had also relatively moderate contents of some studied trace elements may be due to the occurrence of some feldspar minerals.
Finally, Taxonomic unit of both sandy, siliceous, thermic, Typic Haplocalcids, and Typic Calcigypisds studied soil profile No. 1, 2 of the old alluvial and sandy, siliceous, thermic, Typic Torripasamments, studied soil profile No. 3 had the lowest contents of the studied trace elements due to their sandy texture as the quartz predominates the other constituents whereas the trace elements contents of quarts are low. Therefore this taxonomic unit is poor in fertility.
According to the previous discussion for the obtained results of this investigation the studied soil taxonomic units can be ordered according to their soil fertility as follows:
Fine, smectitic, thermic, Typic Haplotorrerts (Flood plain) and Fine smectitic thermic, Halic Endoquerts (Fluvio-marine) > Fine loamy, mixed, thermic, Typic Torrifluvents > Fine loamy , mixed, thermic, Typic Haplocalcids (Fluviolacustrine) > Siliceous, thermic , Oxyaquic Torripsamments (Coastal plain) > Sandy, mixed, thermic Typic Haplocalcids -Typic Haplogypsids (old alluvial) > Siliceous, thermic Typic Torripsamments (windblown ).
